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Purpose: Transesophageal chocardiography provides detailed images oft_he thoracic aorta, 
but imaging of the abdominal aorta and its branches does not occur routinely when the 
transesophageal chocardiography transducer is advanced into the stomach. Transgastric 
aortic ultrasonography (TAUS) was investigated as an intraoperative procedure to 
determine whether transgastric maging of the abdominal aortic, mesenteric, and renal 
arteries could be obtained and whether pathologic lesions of these arteries could be 
identified. 
Methods: Twelve patients with diagnoses of aortic aneurysmal or occlusive disease, chronic 
mesenteric ischemia, or renal artery stenosis that required operative treatment were 
examined. Preoperative transabdominal duplex imaging was performed in all 12 patients. 
Transgastric B-mode and color-flow ultrasonography of the abdominal aorta and branches 
was performed as an intraoperative procedure with the patients under general anesthesia. 
After the abdomen was opened but before the vascular reconstruction was performed, the 
transesophageal transducer was advanced into the stomach and directed by the surgeon's 
hand to obtain an image of the underlying aorta and branches. TAUS images were 
compared with those obtained by standard transabdominal duplex imaging. 
Results: TAUS provided high-resolution images of both aneurysmal nd occlusive aortic 
disease. In all 12 eases the images of the aortic lumen, plaque, and thrombus obtained with 
TAUS had greater detail and better esolution than those obtained with transabdominal 
duplex imaging. The origins of the renal arteries were seen with TAUS in 23 of 24 cases, 
whereas transabdominal ultrasonography obtained images of the origins in only 6 of 24 
cases (p < 0.01). In the five renal arteries and the one mesenteric artery with hemody- 
namically significant stenoses in which transabdominal ultrasonography identified the 
stenoses based on velocity criteria lone, TAUS visualized the occlusive plaque at the origin 
of the renal and mesenteric arteries. 
Conclusion: Intraoperative TAUS is feasible and may be useful for evaluating atheroscle- 
rotic disease of the abdominal aorta and renal arteries. (J Vasc Surg 1996;24:834-42.) 
Transabdominal duplex scanning is the current 
procedure of choice for evaluating the abdominal 
aorta and its major branch vessels for the presence of 
significant atherosclerotic disease. This technique has 
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proved to be a useful method for detecting hemody- 
namically significant stenoses of the mesenteric 1 and 
renal 2 arteries. In addition, transabdominal B-mode 
ultrasonography, because of its high sensitivity and 
low cost, has become the primary screening method 
for detecting abdominal aortic aneurysms. 3 
Despite the utility of transabdominal u trasonic 
imaging in screening for significant intraabdominal 
vascular disease, major limitations that prevent more 
widespread application still exist. For example, the 
length of time required to perform a complete vascu- 
lar duplex examination of the abdominal aorta, celiac 
axis, superior mesenteric, and both renal arteries can 
exceed 1 hour, even when the examination is per- 
formed by experienced vascular technologists. In 
addition, the 5- to 10-cm distance between the 
anterior or lateral abdominal wall where the ultra- 
sound transducer head is placed and the intraabdomi- 
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nal aorta and its branches necessitates the use of lower 
frequency transducers to traverse this distance. The 
depth of imaged structures and the use of low- 
frequency transducers may result in poor resolution 
and image quality. Intestinal gas and abdominal wall 
fat may also limit the amount of information obtained 
during transabdominal vascular ultrasound imaging. 
An imaging technique is needed that can both 
accurately screen for atherosclerotic disease of the 
abdominal aorta and its branches and remain less 
invasive than arteriography. Because of the expertise 
required to perform transabdominal duplex imaging, 
only a small number of vascular laboratories actually 
perform diagnostic duplex scanning of the mesenteric 
and renal arteries. Of 535 accredited vascular labora- 
tories in the United States and Canada, only 60 of 
these vascular laboratories are accredited in abdomi- 
nal vascular ultrasonography. 4 Therefore a large pro- 
portion of patients with atherosclerotic disease of the 
abdominal aorta and its branches till undergo arte- 
riography and computed tomography (CT) imaging 
for diagnosis. 
The introduction of transesophageal chocardi- 
ography (TEE) by Frazin et al.5 revolutionized car- 
diac imaging by eliminating air, bone, and soft tissue 
and reducing the distance between the ultrasound 
transducer and the heart and great vessels. The 
proximity of the esophageal transducer to imaged 
structures also allowed the use of resolution-enhanc- 
ing higher frequency transducers. Because trans- 
esophageal echocardiography as extensive applica- 
tions in the evaluation of the thoracic aorta, 6 we 
hypothesized that transgastric aortic ultrasonogra- 
phy 7 may prove useful for evaluating the abdominal 
aorta and its major branches for the presence of 
significant atherosclerotic disease. To determine the 
potential of transgastric ultrasonography as a viable 
abdominal vascular imaging technique, intraoperative 
transgastric ultrasonography of the abdominal aorta 
and its branches was performed on patients with 
significant intraabdominal vascular disease. 
METHODS 
Patient population. Twelve patients (seven men 
and fivc women) with a mean age of 63 + I 0 years and 
a range of 43 to 76 years who had abdominal aortic 
aneurysmal or occlusive disease, celiac axis or superior 
mescnteric artery occlusive diseasc, or renal artery 
occlusive disease that required operative intervention 
were entered into a prospective exploratory study of 
intraoperative transgastfic ultrasonography. Thesc di- 
agnoses, which were determined by preoperative 
vascular imaging studies and confirmed by operative 
Table I. Aortic disease obsetwed in 12 
patients undergoing transgastric 
aortic ultrasonography 
No. of 
Diagnosis patients 
Abdominal aortic aneurysm 7 
Aortic/rcnal/mesenteric oc lusive disease 4 
Chronic abdominal aortic dissection with 1 
false aneurysm 
findings, are listed in Table I. Informed consent was 
obtained from all patients, and approval was obtained 
from the Northwestern University Investigational 
Review Board. 
Image acquisition. Transabdominal u trasound 
examinations were performed with an Advanced 
Technologies Laboratories (ATL) Ultramark 9with a 
3.5 MHz linear array transducer (Advanced Tech- 
nologies Laboratories, Bothell, Wash.). The length of 
time required to perform the complete ultrasound 
examination of the abdominal aorta, mesenteric, and 
renal arteries approximated 1 hour. Images were 
recorded onto videotape for later analyses. 
For transgastric aortic ultrasonography two 
echocardiography machines and transducers were 
used. For the first six examinations an Acuson 
128XP-10 echo system with a 5 MHz biplane trans- 
ducer was used (Acuson, Mountain View, Calif.). 
For the seventh through twelfth examinations a
Hewlett-Packard 1500 echo system with a 5 MHz 
Omni-plane transducer was used (Hewlett-Packard, 
Andover, Mass.). The Omni-plane transducer had 
the capacity to scan through a 180-degree axis with- 
out changing the transducer position and was used 
to determine whether Omni-plane imaging had 
any advantages over a standard biplane imaging. 
All images were recorded onto videotape for later 
analyses. 
Statistical analysis. Transabdominal nd trans- 
gastric imaging was compared with the Z 2 test, with 
statistical significance at p < 0.05. 
Protocol. Patients received either a CT scan of 
the abdominal orta (three patients), arteriography of
the abdominal aorta, mesenteric, and renal arteries 
(three patients), or both CT scan and arteriography 
(six patients). Whether CT imaging, arteriography, or
both CT and arteriography were performed was 
dictated by the imaging required for operative 
treatment. 
Preoperative transabdominal duplex scanning of 
the abdominal aorta, mesenteric, and renal arteries 
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Fig. 1. A, Relationship of stomach to abdominal orta nd its branches. Abdominal aorta, renal 
arteries, and mesenteric arteries lie immediately posterior to stomach and pancreas. B, 
Relationship of transgastric ultrasound transducer to abdominal aorta and its branches. 
was performed on all 12 patients by registered vascu- 
lar technologists (P. A. or D. B.) sldlled in these 
imaging techniques. 
Transgastric aortic ultrasonography was per- 
formed as an intraoperative procedure with the pa- 
tients under general anesthesia. All 12 patients under- 
went exploratory celiotomy in the supine position 
with a midline transabdominal incision. Once the 
peritoneal cavity was opened, the TEE transducer was 
placed intraorally and advanced from the esophagus 
into the stomach. The abdominal aorta and the 
arterial branches examined lie posterior to the stom- 
ach (Fig. 1). The surgeon's hand grasped the TEE 
transducer through the anterior wall of the stomach 
and acted as a steering mechanism. 
Images were obtained by directly placing the 
transducer over the underlying aorta. Images of the 
respective renal arteries were obtained by placing the 
transducer on the opposite aortic wall and insonating 
across the aortic lumen. The basic transducer manipu- 
lations were advancement and withdrawal along the 
longitudinal axis of the aorta and placement of the 
transducer along the anterolateral wall of the aorta to 
obtain an image of the ipsilateral or opposite renal 
artery. Intraoperative p rformance ofthe transgastric 
examinations permitted irect palpation and identifi- 
cation of the arterial structures being scanned. The 
characteristic Doppler waveform and velocity tracings 
of the celiac, superior mesenteric, and renal arteries 
were used to confirm the identities of the branch 
vessels being examined. B-mode and color-flow im- 
aging of the suprarenal nd infrarenal aorta, the celiac 
axis, the superior mesenteric artery, and both renal 
arteries was performed for up to 20 minutes. 
Specific variables examined in all cases included 
the ability to identify the suprarenal and infrarenal 
aorta and its branch vessels and to confirm the 
diagnosis of abdominal ortic aneurysm, aortic occlu- 
sive disease, or dissection of the abdominal orta. The 
morphologic characteristics of the aortic plaques were 
also evaluated. In cases of lmown renal artery or 
mesenteric artery occlusive disease, these atheroscle- 
rotic plaques with stenosis were also examined. At- 
tempts were made to perform Doppler-derived veloc- 
ity measurements in selected cases. 
RESULTS 
Transgastric aortic tfltrasonography provided 
high-resolution B-mode and color flow images of 
both the normal and diseased abdominal aorta in all 
12 cases. Transgastric aortic ultrasound findings were 
consistent with the correct diagnosis of abdominal 
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Fig. 2. A, CT scan OF abdominal aortic aneurysm demonstrating rim of calcification within 
intraluminal thrombus. Note intraluminal calcification within aneurysm thrombus (open arrow) 
opposite aortic lumen. B, Transabdominal ultrasonography in same patient confirms large aortic 
aneurysm, but images of details of intraluminal thrombus are not obtained. C, Transgastric 
ultrasonography confirms calcification within intraluminal thrombus (open arrow). Note right 
and left sides on transgastric ultrasound images are oriented as if looking from head toward feet. 
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Table II. Ability of aortography, computed tomography, transabdominal ultrasonography, and 
transgastric ultrasonography to evaluate disease of the abdominal aorta 
Transabdominal Transgastric 
Aortography CT ultrasonography ultrasonography 
(n = 9) (n = 9) (n =12) (n =12) 
Aorta visualized 9/9  9/9 11/12 12/12 
Aneurysm 5/5 8/8 8/8 8/8 
Dissection flap or ulcer 3/3 1/2 0/3 3/3 
Plaque or thrombus 0/9 9/9 10/12 12/12 
Table III. Renal artery morphology imaging 
Transabdominal Transgastric 
Arteriography u l t rasonography  ultrasonography 
(n = 18) (n = 24) (n = 24) 
Origin of renal arteries visualized 18 6/24 23/24 
Renal artery stenosis identified 5 0/5" 5/5 
*One false-positive where arteriography demonstrated a normal renal artery; four of five stenoses were identified by velocity criteria. 8
n, Renal arteries available for imaging. 
aortic aneurysm, aortic occlusive disease, or aortic 
dissection in all 12 cases. 
Transgastric aortic ultrasonography was able to 
provide extremely clear images of both the arterial 
lumen and the plaque in the abdominal aorta and its 
branches (Fig. 2). The detail obtained with transgas- 
tric aortic imaging exceeded that provided by trans- 
abdominal ultrasonography in each case. Whereas 
transabdominal ultrasonography was able to evaluate 
aortic patency in 11 of 12 cases and to demonstrate 
aortic plaque or thrombus in 10 of 12 cases, transab- 
dominal ultrasonography did not visualize plaque in 
aortic branch vessels. 
A comparison of transgastric ultrasonography 
with transabdominal ultrasonography, aortography, 
and CT in evaluating the intraabdominal aorta is listed 
in Table II. Transgastric ultrasonography appeared to 
combine some of the best diagnostic characteristics of 
aortography, CT, and transabdominal ultrasonogra- 
phy. Aortography provided direct imaging of the 
arterial umen but did riot obtain a direct image of 
atherosclerotic plaque. Aortography provided only an 
indirect evaluation ofatherosclerofic plaque by dem- 
onstrating the topography of the luminal surface. CT 
did obtain an image of both the aortic lumen and the 
plaque or thrombus but with limits in resolution 
(Fig. 3). Neither the arterial lumens nor the plaques in 
the mesenteric or renal arteries were well visualized 
with CT. 
Transgastric ultrasonography identified the ori- 
gin and proximal segments of 23 out of a possible 
24 renal arteries in these 12 patients. Transabdomi- 
nal ultrasonography identified enough of the renal 
artery lumen to obtain a velocity signal in 19 of 24 
renal arteries (p > 0.05, NS) but obtained an image 
of the origin in only 6 of 24 renal arteries (p < 0.05) 
(Table III). 
Renal artery stenoses were identified in 5 of 18 
renal arteries tudied by arteriography, where residual 
lumen diameter determined the degree of stenosis. 
Transabdominal u trasonography identified four of 
five stenoses and transgastric aortic ultrasonography 
correctly identified all five of these hemodynamically 
significant stenoses, but transabdominal ultrasonog- 
raphy depended on velocity criteria alone. 8Transgas- 
tric nltrasonography was capable of both direct imag- 
ing of the atherosclerotic plaque (Fig. 4) and mea- 
surement of renal artery blood flow velocity (Fig. 5). 
Transabdominal u trasonography incorrectly identi- 
fied one renal artery stenosis not seen on arteriogra- 
phy (false-positive) in a case where transgastric aortic 
ultrasonography also did not obtain an image of 
evidence of a renal artery stenosis. 
Accurate renal artery velocity measurement ob- 
tained without the need for an insonation angle 
correction appears possible with transgastric vascular 
ultrasonography. We demonstrated the ability to 
determine r nal arteryvelocities at a 0-degree angle of 
insonation (Fig. 5). Because of the short distance 
between the ultrasound transducer and the aorta, it 
was possible to obtain an image of the opposite renal 
artery across the aortic lumen. By placing the ultra- 
sound transducer on one anterolateral side of the 
aorta, we were able to obtain velocity measurements 
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Hg. 3. A, CT scan of abdominal ortic aneurysm with penetrating posterior ulcer. CT scan 
demonstrates intraluminal calcification, but p sterior ulcer is not seen clearly. B, Transabdominal 
ultrasonography in same patients shows large aneurysm b t no evidence of ulcer. C, Transgastric 
ultrasonography (black and white image) reveals posterior ulcer (arrow). D, Transgastric 
ultrasonography (color flow image) demonstrates bloodflow within this posterior ulcer (arrow). 
of the opposite renal artery origin. The potential error 
associated with calculated renal artery velocities 
should be decreased when measuring renal artery 
velocities at 0-degree insonation as opposed to 60 
degrees. Up to a 60-degree angle of insonation is 
standard with transabdominal renal artery ultra- 
sonography. 8 
Images of the abdominal aorta, mesenteric, or 
renal arteries were not obtainable without placement 
of the surgeon's hand on the transducer. The light 
direct pressure of the surgeon's hand on the trans- 
ducer was necessary to eliminate any potential intra- 
gastric air that could lie between the transducer and 
the stomach wall that would block ultrasound trans- 
mission. 
All transgastric ultrasound examinations were 
completed in 20 minutes or less. No complications 
were identified that could be attributed to transgastric 
aortic ultrasonography. One patient had minimal 
bloody nasogastric tube drainage on the first postop- 
erative day that resolved without incident. 
DISCUSSION 
Transgastric aortic ultrasonography provided e- 
tailed images of the arterial lumen, plaque, and 
intraluminal thrombus in both thc aorta and its 
branches. Both the speed with which the transgastric 
ultrasound examinations were completed and the 
detailed images provided by transgastric aortic ultra- 
sonography were surprising. The shorter distance 
between the ultrasound transducer and the abdomi- 
nal aorta and the lack of interposed air facilitated rapid 
identification of the structures being examined. 
Intragastric placement of' the transesophagcal 
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Fig. 4. A, Arteriographyinpatientwithleftrenalarterystenosisandabdominalaorticaneurysm 
reveals high-grade (>90% diameter) left renal artery stenosis (arrow). B, Transabdominal 
ultrasound image demonstrates l ft renal artery (whitepixel), but study was nondiagnostic for left 
renal artery stenosis because of difficulty in obtaining velocity measurements with associated 
aortic aneurysm (arrow). Image of renal artery plaque was not obtained. C, Transgastric 
ultrasonography reveals obstructive plaque narrowing origin of left renal artery (arrow). 
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Fig. 5. Renal artery velocity measurements with transgasn-ic vascular lt asonography were 
obtained by placing ultrasound probe opposite from renal artery to be imaged. Blood flow 
velocity at origin of this normal right renal artery was measured at 0-degree angle of Doppler 
insonation by placing transgastric ultrasound probe in line with left anterolateral wall of aorta. 
Renal artery blood flow (moving away from transducer) is represented byDoppler signals below 
baseline. Doppler signals above baseline represent blood flow in abdominal aorta recorded at 
junction of right renal artery and abdominal orta. 
transducer is not a new idea. Placement of the 
transesophageal echocardiography transducer past 
the gastroesophageal junction is routine when the 
cardiac structure is being examined. Chouinard et 
al., 9 in a case study, used transgastric vascular ultra- 
sonography to evaluate a patient with an abdominal 
aortic aneurysm as a transducer was passed blindly 
into the stomach and images of the aorta, renal, and 
mesenteric vessels were obtained. However, visualiza- 
tion of the abdominal aorta and its branches is not 
routinely accomplished during TEE. The TEE trans- 
ducer falls away from the posterior wall of the stomach 
once it leaves the esophagus and enters the gastric 
cardia, where interposed air prevents imaging of the 
abdominal vascular structures. 
Although renal artery velocity measurements 
were not obtained with the transgastric approach in 
each of  these 12 patients, we have shown that trans- 
gastric aortic ultrasonography has the capacity to 
obtain velocity measurements at an angle of  in- 
sonation of 0 degrees (Fig. 5). In this case Doppler- 
derived velocity measurements should be very ac- 
curate. 
No single imaging method that is widely used 
provides detailed information on both the lumen and 
the wall of the abdominal aorta, renal, and mesenteric 
arteries, as transgastric aortic ultrasound id here. To 
date, transabdominal ultrasonography as been able 
to provide this capability in a select number of centers. 
Three-dimensional CT scanning 1° and magnetic reso- 
nance angiography have the potential to fulfill this 
imaging need, but these technologies have yet to be 
fully developed. 
The amount of transducer manipulations required 
to obtain these images was surprisingly small, indi- 
cated by our ability in every case to obtain our data in 
less than 20 minutes. In addition to steering, manual 
control of the ultrasound transducer facilitated oppo- 
sition of the stomach wall and the transducer. This 
characteristic was required for transgastric maging. 
The Omni-plane transducer did offer the advantage of 
optimizing the insonation angle without changing 
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the transducer position. This technology allowed 
imaging of  the mesenteric arteries in the sagittal plane 
and the renal arteries in the transverse plane without 
physically rotating the transducer. 
The capability to both obtain an image of  athero- 
sclerotic plaque and measure Doppler-derived veloc- 
ivy measurements bythe transgastric approach would 
provide the same data that now permits performing 
carotid endarterectomy on the basis o f  duplex imag- 
ing alone. 11 The quality o f  our images and their ease 
of  acquisition in the operating theater in these 12 
cases suggest that some simple modifications o f  
transesophageal echocardiography may eventually 
permit image acquisition o f  the intraabdominal vas- 
cular structures with transgastric aortic ultrasonogra- 
phy without laparotomy. 
We thank Ms. Joan Stone and Ms. Marcia Smallcy for 
assistance in the preparation of the manuscript. 
REFERENCES 
1. Harward TRS, Smith S, Seeger JM. Detection of celiac axis 
and superior mesenteric artery occlusive disease with the use 
of abdominal duplex scanning. J Vasc Surg 1993;17:738- 
45. 
2. I-tansen KJ, Tribble RW, Reavis SW, et al. Renal duplex 
sonography: evaluation ofclinical utility. J Vase Surg 1990;12: 
227-36. 
3. Smith FCT, Grimshaw GM, Paterson IS, Shearman CP, 
Hamer JD. Ultrasonographic screening for abdominal ortic 
aneurysm inan urban community. BrJ Surg 1993;80:1406-9. 
4. Data from ICAVL, 1995. 
5. Frazin L, Talano JV, Stephanides L, Loeb HS, Kopel L, 
Gunnar RM. Esophageal echocardiography. Circulation 1976; 
54:102-8. 
6. Wiet SP, Pearce WH, McCarthy WJ, Joob AW, Yao JST, 
McPherson DD. Utility of transesophageal echocardiography 
in the diagnosis of disease of the thoracic aorta. J Vasc Surg 
1994;20:613-20. 
7. Frazin LJ, Siddiqui M, Venugopalan K, Pop P, Vonesh MJ, 
McPherson DD. Feasibility of transcolonic and transgastric 
abdominal vascular ultrasound. Am J Card Imaging 1994;8: 
95-9. 
8. Zierler RE, Bergelin RO, Isaacson JA, Strandness DE. Natural 
history of atherosclerotic renal artery stenosis: a prospective 
study with duplex ultrasonography. J Vasc Surg 1994;19: 
250-8. 
9. Choninard MD, Pinheiro L, Nanda NC, Sanyal KS. Transgas- 
tric ultrasonography: a new approach for imaging the abdomi- 
nal structures and vessels. Echocardiography 1991;8:397- 
403. 
10. Rubin GD, Dake MD, Napel S, et al. Spiral CT of renal artery 
stenosis: comparison of three-dimensional rendering tech- 
niques. Radiology 1994;190:181-9. 
11. Mattos M, Sumner DS, Ramsey DE, et al. Carotid endarter- 
ectomy without angiogram. Surgery 1994;116:776-83. 
Submitted Dec. 27, 1995; accepted Mar. 12, 1996. 
